Blood, oral fluid (saliva), urine and hair are the most commonly used biological matrices for drug testing in epidemiological drug research. Other biological matrices may also be used for selected purposes. Blood reflects recent drug intake and may be used to assess impairment. Oral fluid reflects drug presence in blood and thereby also recent intake, but drug concentrations in this matrix cannot be used to accurately estimate concentrations in blood. Urine reflects drug use during the last few days and in some cases for a longer period, but does not indicate the dose size or frequency of use. Hair reflects drug use during several months, but is a poor matrix for detecting use of cannabis. If using a single drug dose, this can be detected in blood and urine if the sample is taken within the detection timeframes, in most cases also in oral fluid. Single drug use is most often insufficient for producing a positive test result in a sample of hair. For cocaine and amphetamine, weekly use may be needed, while for cannabis a positive result is not guaranteed even after daily use. Refusal rates are lowest for oral fluid and highest for blood and hair samples. The analytical costs are lowest for urine and highest for hair. Combined use of questionnaires/interviews and drug testing detects more drug use than when using only one of those methods and is therefore expected to give more accurate data.
INTRODUCTION
Epidemiological studies of alcohol and drug use are most often performed by collecting self-reported data. A major difficulty with this approach is under-reporting actual use (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) . Both the frequency and magnitude may be under-reported, and the scale of under-reporting may vary from one substance to another and may also be related to nationality, socio-economic status and other factors. For these reasons and the fact that more sensitive and accurate analytical methods have been developed, the analysis of biological specimens in epidemiological drug research has increased during the last decades, either replacing the use of questionnaires, or used as a supplement (7) (8) (9) (10) (11) (12) (13) (14) .
While under-reporting may be an issue when using questionnaires or interviews, a high refusal rate may be a problem when collecting biological samples. Therefore, the study design and the information given to participants are of great importance in order to get as many individuals to participate as possible. Refusal rates are discussed for each types of specimen in this overview.
The cost for collecting and analysing biological samples is higher than using questionnaires and may therefore be a limiting factor when deciding the number of study participants.
Ethical and legal aspects must be taken into consideration when planning a study where biological samples are to be collected. Participants must give informed consent to the use of collected samples. If the study is not anonymous, e.g. because data from registries will be used in addition to results from questionnaires and analytical tests, the legal aspects must be assessed and the necessary permissions must be obtained. If the study is not anonymous the participation rate may be lower than in an anonymous study, and the results may therefore be less representative for the studied cohort.
Type of biological specimen
A drug may be detected in any body fluid or tissue. The primary choice of biological specimen for drug analysis depends on several issues: purpose of the sampling, time interval to study, willingness to provide a voluntary sample, ease of sampling, cost of sample preparation and analysis, drug concentrations in the sample, and drug stability (15) (16) (17) . When a drug is present in blood, the drug will also be present in oral fluid due to the equilibrium between body fluids; however, the concentration may in some cases be very low, sometimes lower than the analytical detection limit or cutoff concentration in oral fluid, so a positive finding is not guaranteed. A minute fraction of the drug will be deposited in growing hair. The drug will also be metabolised by the body to inactive compounds which can be analysed. Ultimately, the drug and metabolites will be eliminated by excretion in urine and faeces.
Cutoff concentrations and detection times
The detection timeframe for a drug is the average length of time after single use the drug can be detected in a biological matrix. This depends on the elimination rate for the drug combined with the analytical cutoff concentration (the drug concentration above which a finding is regarded as positive). If the drug is detected, but the concentration is below the cutoff, it will be regar-ded as negative (not found). If the cutoff concentration is high, a sample will remain positive for the drug for a shorter time than if the cutoff concentration is low.
The maximum drug detection timeframes for different biological matrices are indicated in Table 1 . The average detection timeframe in oral fluid is approximately as in blood if equivalent cutoff concentrations are used (18) . The presence of a drug in blood is most often accompanied with detectable concentrations in oral fluid, but not always. The detection time in urine may be significantly longer, depending on the elimination rate from blood, urine elimination, and any accumulation in body fat, which is an important factor for cannabis detection. The detection timeframe in hair can be several months if the drug is efficiently incorporated in growing hair and if the drug is not degrading significantly over time.
The cutoff concentration must be larger than the detection limit for the analytical method, which is the lowest quantity of a substance that can be distinguished from the absence of that substance within a stated confidence limit. The detection limit is determined for each drug separately and is related to chemical properties of the substance, type of analytical method and analytical equipment. Often also pharmacological properties are taken into concern when determining the cutoff concentration, e.g. to avoid that minute drug concentrations reflecting use of a medicinal drug several days ago, which has no therapeutic relevance, leads to a positive finding.
Some approximate detection times for individual drugs in blood, urine and oral fluid after single use have been published (19) . Cocaine and/or its principal metabolite benzoylecgonine can be detected in blood and oral fluid for up to about eight hours, in urine for a few days, and single use may in some cases be detectable in hair for several months. On the other hand, cannabis can be detected in blood and oral fluid for up to about 24 hours, in urine for a few days after single use and up to several weeks in chronic users, but can hardly be detected in hair if used only a few times each week. Thus, when choosing a biological specimen it is important to consider the type of drug in addition to the time period to be studied: recent use, which is most relevant in studies of drug use that may cause impairment at time of sample collection (e.g. among employees or drivers), or any drug use during the past week or months.
False negative and positive results
A false negative result is an analytical finding below the cutoff when the true concentration of the substance is above the cutoff concentration, and a false positive result is an analytical finding above the cutoff when the true concentration is below the cutoff or absent in the sample. For non-specific methods, like immunological assays, false positive results are commonly observed and may be obtained because of the presence of other compounds than the one being analysed. This may be a psychoactive substance, an inactive metabolite or a completely unrelated substance. Positive findings when using immunological methods should be confirmed using chromatographic methods, preferably with mass spectrometric (MS) detection.
If using an analytical method with good specificity, like a chromatographic method with MS detection, false identification of a drug is very rarely observed.
Interpretation of results
A correct interpretation of an analytical result is also important. A common situation is the detection of morphine after use of codeine because morphine is a metabolite of codeine. Another, but more rarely occurring situation is that the L-isomers of methamphetamine and amphetamine can be detected as metabolites of selegiline, which is used for the treatment of Parkinson's disease, dementia and depression. Most chromatographic methods, including those with MS detection, are not able to distinguish between those Land D-isomers; the latter ones are the illegally used substances.
Specimen manipulation
Samples of blood, oral fluid and hair are normally taken by trained personnel in close contact with the subject, so the possibility of adulteration is practically negligible. Urine is easier to adulterate because sampling is performed in a bathroom or toilet, often in some distance from the observing personnel. The sample can be manipulated either by diluting with water or an aqueous mixture, by adding chemical substances to mask the presence of drugs, by substituting the sample with clean or artificial urine, or by intentionally adding a drug.
BIOLOGICAL MATERIALS
An overview of biological matrices discussed in this paper with some advantages and disadvantages are presented in Table 1 .
Blood
Blood (including serum and plasma) is the only biological specimen, except for cerebrospinal fluid, which reflects the drug concentration in the brain. Therefore, analysis of a blood sample is required if studying drug impairment. In that case, the drug concentration should be used in combination with any recorded signs of impairment and information about drug use history.
Blood samples may also be suitable for epidemiological studies in cases where samples are taken for other purposes, e.g. for patients admitted to hospital for treatment. Patients must then give informed consent to the use of blood samples for such purposes.
Sampling
Blood samples must be collected by qualified personnel. Vacuum tubes or syringes are normally used, and usually 5-10 ml blood is collected. The blood tubes 
Medium
Medium Medium High 1 Approximate detection times after intake of a single dose varying from one substance to another. 2 Including confirmation testing. 3 Cannabis for up to several weeks. 4 Hair colouring or bleaching.
should contain preservatives like potassium fluoride. Tubes with anticoagulants are used if the intention is to collect plasma or whole blood for the analyses. The major difficulty with using blood samples is the collection process and the willingness to provide a sample. Sampling is invasive and requires qualified personnel and suitable equipment and facilities. Studies in the USA have shown an unacceptably high refusal rate of 50-60% if collecting blood, even when 50 $ was offered as incentive for providing a sample (20, 21) . In a recent study of random drivers in a number of European countries, a refusal rate of 24% was observed when asking for a blood sample in Lithuania, 55% in Belgium (20 € reward), and 25% in the Netherlands (10 € reward) (22) .
An evolving technology is the analysis of dried blood spots collected on a filter paper (23) (24) (25) . Only 0.1 ml blood may be required, and a large number of drugs can be analysed simultaneously. The refusal rate might be lower when using blood spots than when collecting larger blood samples in the traditional way. At present, very few laboratories have implemented the analysis of this type of samples.
Analytical methods
Analytical methods for drugs of abuse in blood have been reviewed by Kraemer and co-workers (26) . Immunoassay screening methods exist for the common classes of drugs of abuse, and work well for large screening volumes. In recent years an increasing amount of designer drugs have appeared on the market and these pose a problem for immunoassay screening as they often do not give a response on traditional immunoassays for e.g. amphetamines or cannabis. Immunoassays may also be unable to detect low-dose benzodiazepines, which are commonly misused.
Sample preparation must be performed before confirmation analysis, usually by protein precipitation (PPT), liquid-liquid extraction (LLE) or solid phase extraction (SPE). The common confirmation methods for whole blood have been gas chromatography with single or tandem mass spectrometric detection (GC-MS), but liquid chromatography with single or tandem mass spectrometric detection (LC-MS) is increasingly being used for the identification and quantification of a wide range of compounds in biological samples (27) (28) (29) . Easier sample preparation, no derivatization required, and short analysis time are the major advantages, which allow for both screening and quantitative multi-drug methods (30) . Especially in epidemiologic studies of cohorts where the prevalence of positive samples is high, specific chromatographic procedures could be a good alternative for screening, because the total costs for the analytical testing may be higher when performing a combination of immunological screening and chromatographic confirmation testing of positive samples. Our laboratory has used LC-MS for simultaneous screening and quantification in epidemiological studies with fairly low drug prevalence with good results (8, 31, 32) .
Rapid on-site screening tests have so far not been developed for blood samples. However, a recent study found that a screening device for oral fluid was found to work fairly well with blood samples (33) .
Interpretation of findings
Pharmacokinetic properties for drugs in blood are well documents. Therefore, a drug concentration may be used to assess the possibility of drug impairment. For medicinal drugs, the drug concentration in blood may indicate whether a therapeutic or supra-therapeutic dose has been taken.
Limitations
The length of time a psychoactive drug can be detected in blood after single use varies from a maximum of about eight hours for cocaine to a maximum of about two days for oxazepam. Therefore, blood samples are not suitable to study drug use during a wider timeframe.
Blood samples are less suitable than urine and oral fluid in general population studies due to invasive sampling and therefore higher refusal rate.
Applications
Blood samples should be used if the aim is to determine the prevalence of drug intoxication, inebriation or supra-therapeutic drug use, e.g. in studies of the use of medicinal and illegal drugs among drivers injured or killed in road traffic accidents (34, 35) , in studies of drug use among patient cohorts (36, 37) , and in studies of fatal poisoning (38, 39) .
Urine
Urine is the most commonly used biological matrix for testing of drugs of abuse. It is easier to collect than blood, easier to analyse, and a urine sample will be positive for a drug for a significantly longer time period than blood. After a single dose of most types of drugs, the parent drug or a metabolite may be found in urine for a few days. However, regular users of cannabis may have a positive urine sample for several weeks, even a few months, after terminating cannabis use (40, 41) .
Sampling
Urine is normally sampled under observation by medicinal or scientific personnel to reduce the possibility of adulteration. It is usually performed in a bathroom or toilet, in some cases equipped with a surveillance window so that sample collection personnel may observe the sampling process.
The refusal rate may be lower than for blood sampling. In an American study where an incentive of 10 or 20 $ was given for each biological sample, the refusal rate for urine was about 24% (9).
Analytical methods
The common analytical methods for urine have been immunoassay screening combined with GC-MS confirmation (42) . Immunoassays are sensitive, automated and do not require pre-treatment. The limited number of drugs that can be tested by immunoassays is a disadvantage. Several recent analytical strategies apply LC-MS as an alternative for urine screening (43) (44) (45) to increase the drug repertoire. This technique has in addition increasingly been used as a supplement to GC-MS for confirmation of drug findings (27, 28, 46) . Hydrolysis of excreted drug conjugates (e.g. glucuronides) and sample preparation by LLE or SPE is common before GC-MS analysis. For LC-MS analysis, dilution and direct injection of urine samples is possible, and in addition direct measurement of glucuronides can be performed (47) .
Many on-site (e.g. dip-stick) immunological tests for drugs of abuse exist for urine. Due to the inherent possibility of false positive results, confirmation analysis should be performed also for epidemiological studies.
Interpretation of findings
A positive finding of a drug or metabolite confirms drug use during the last few days; and for cannabis possibly for a longer time period. The result does not indicate the dose used or approximate time of intake, and cannot be used to assess impairment.
Limitations
A bathroom or toilet must be available for sample collection. In some cases, the donor is unable to provide a urine sample when requested, and may have to wait for a long time before this can be done. This may cause delay of the inclusion of subjects in an epidemiological study. Urine has a high adulteration potential.
Applications
Urine samples may be analysed if the aim is to detect drug use during the latest days before sample collection, e.g. in studies of drug use among adolescents or students (48) (49) (50) (51) , drivers (52, 53) and worker cohorts (11, 54) . Please note that urine samples may be positive for cannabis for a significantly longer time.
Oral fluid
Oral fluid (mixed saliva) is an easily available medium that can be collected without the intrusion of privacy. Drug findings in oral fluid reflects recent use, and is therefore a better choice than urine or hair if studying drug use that may have a pharmacological effect at time of sampling. It is difficult to adulterate.
The use of oral fluid in testing for drugs of abuse has increased during the last decades (55) (56) (57) . Samples of oral fluid routinely used for workplace drug testing and for the follow-up of drug addicts undergoing treatment.
In the 1990s, many researchers believed that drug concentrations in blood or plasma could be calculated based on concentrations in oral fluid as soon as the conversion factors (oral fluid to blood concentration ratios; OF/B) had been determined experimentally. Later research has shown that this was impossible, also when collecting oral fluid in a controlled manner. Significant inter-and intra-subject variability in OF/B ratios was observed, and the wide variation of ratios do not allow reliable estimation of drug concentrations in blood based on concentrations in oral fluid (58, 59) .
Sampling
Several sampling devices for oral fluid are commercially available (60) . The devices are composed by a sampling pad and a test tube containing a buffer with a preservative to stabilise the samples and to avoid microbiological degradation. The sampling pad may contain chemicals that stimulate salivation. The pad is placed under the tongue or between tongue and cheek for typically 2-5 minutes. Some sampling pads have an indicator which changes colour when sufficient oral fluid has been collected. Typically, 0.3-1 ml oral fluid is collected. The use of some drugs may cause reduced flow of saliva, and therefore small sample volume. After collection is completed, the pad is transferred to the test tube.
The refusal rate for providing a sample of oral fluid can be very low. In recent studies in Norway, the refusal rate was 3-6% (8, 22, 61) . In an American study, the refusal rate was 8-11% when giving an incentive of 10 or 20 $ (9).
Analytical methods
On-site screening devices using immunological testing are available for the major drugs (57) . Immunoassays for oral fluid are commonly used in e.g. commercial work-place testing (62) . As for immunological methods for blood, the types of drugs that can be detected by immunological methods are limited. In addition, difficulties with detection of cannabis have frequently been reported with immunological methods for oral fluid (63) . More sensitive chromatographic methods for screening have been developed to solve those problems.
Sample preparation is commonly performed by LLE or SPE. Dilution or PPT might be performed for expectorated oral fluid, while more extensive sample preparation is necessary for oral fluid collected with commercial sampling kits which contains preservatives, surfactants and in some cases dyes which might interfere with instrumental analysis. Confirmatory analysis of oral fluid is most often performed with chromatographic -MS techniques (57) due to very good specificity and sensitivity. GC-MS methods have been published for all common drugs of abuse in oral fluid. As oral fluid sample volume is limited, multicomponent chromatographic assays are emerging as a solution for both screening and confirmation. While multi-component GC-methods have been published, the requirement of different derivatization agents for different drug classes gives quite complex sample preparation (64) . Most new methods are therefore based on LC-MS (57).
Interpretation of findings
A positive drug finding in oral fluid reflects drug presence in blood and confirms drug use typically within the last 1-2 days, varying from one drug to another (19) . In chronic users who terminate their drug use, an oral fluid sample may be positive for the drug for a significantly longer time than after single intake; this varies from one drug to another. The analytical result does not indicate impairment, the dose used or approximate time of intake. A negative drug finding in oral fluid does not absolutely exclude the possibility of recent drug intake. Drug concentrations in oral fluid cannot be used to accurately estimate drug concentrations in blood (58, 59) . When studying a cohort, the prevalence of drug concentrations in blood above selected concentrations limits may be estimated based on the analysis of oral fluid (65, 66) .
Limitations
The primary limitations are that drug findings reflect only recent drug use. Even though a positive drug finding in oral fluid reflects drug presence in blood, the drug concentration in oral fluid cannot be used to accurately estimate the drug concentration in blood.
Applications
Oral fluid is suitable if the aim is to study the prevalence of drug use during the last 1-2 days before sample collection, e.g. in studies of drug use in the general population (9), among random drivers (22, 31, (67) (68) (69) or workers (8, 70) .
Hair
Hair testing has a wider detection timeframe than urine, blood and oral fluid. Hair samples show good stability during storage at room temperature, and they are easy to ship. By sectional analysis of hair samples, a historical overview of drug intake during the last several months, perhaps up to a year or more, may be obtained (71) . One centimetre of hair corresponds to about one month of growth, and drug findings in one centimetre thus represented drug intake during a month. However, hair testing cannot always detect drug use within the last week, because drug containing hair appears above the skin surface a few days after it was incorporated within the hair follicle (71) .
The exact mechanism for drug incorporation into hair is not known, but it is proposed that drugs can enter from blood during hair formation, from sebum and sweat, and from the external environment (72) .
Sampling
Sampling is less intrusive than blood sampling. Hair is best collected from the back of the head with approximately a pencil width and a weight of about 200 mg. The sample should be wrapped in aluminium foil and stored under dry conditions at room temperature. Hair has a potential for environmental contamination. Therefore, hair samples must be properly decontaminated by washing with different solvents before drug analysis is performed.
The refusal rate when collecting hair may be fairly large, mainly for cosmetic reasons. In an American study of drug use in a high-risk community sample of adults from Chicago, hair samples were obtained from only 56% of the participants (10) . In a later study, the refusal rate was 14-16% when giving an incentive of 10 or 20 US$, however, 21% had insufficient hair for sampling (9) . Thus, suitable hair samples were obtained from only about 64% in the latter study.
Analytical methods
A hair segment -an appropriate length of hair -must be cut from the hair sample. Shorter lengths represent shorter time intervals. Washing with solvents to remove possible external contamination is usually performed. This can however affect the extraction efficiencies of incorporated drugs and must be considered when interpreting quantitative results. Pretreatment steps must be applied to extract drugs from hair as they are firmly enclosed in the hair structure and partly bound to proteins, melanin or lipids of the cell membrane complex (73) . The hair is often cut into small pieces or pulverized by grinding. Methanolic extraction (5-18 h) in an ultrasonic bath can be used for most drugs. Other possibilities, depending on type of drug, are acidic extraction, alkaline digestion, enzymatic hydrolysis or incubation with neutral or slightly acidic aqueous buffer. In aqueous hair extracts hydrolysis of cocaine to benzoylecgonine and heroine/6-monoacetylmorphine to morphine can occur. Heroin itself has therefore not been found in aqueous hair extracts (73) . Further clean-up by LLE or SPE might be necessary before analysis.
Analytical methods for drugs of abuse in hair have been reviewed by Wada and co-workers (74) . Immunoassay methods for hair extracts exist (75) , but as hair analysis requires sensitive and selective methods GC-MS and LC-MS are common analysis methods. Some applications does in addition use LC coupled to fluorescence or chemiluminescence (74) . Sensitive multianalyte methods for drugs of abuse have been published (76, 77) , making hair screening somewhat less labour intensive.
Interpretation of findings
Interpretation of analytical results has been mentioned as "the most serious pitfalls of hair analysis" (75) . There are large individual variations in drug incorporation and drug concentrations in hair. In addition, cosmetic treatment may reduce drug concentrations significantly. If a drug is found in a hair sample that is properly treated to eliminate environmental contamination and an analytical method based on mass spectrometry is used, drug intake is confirmed. However, if a drug is not found, drug intake cannot be excluded. Intake of a single dose of cocaine, codeine, benzodiazepines and GHB has been detected in hair (78) (79) (80) . In a study of 100 users of amphetamines, only 56% had positive hair sample (81) , indicating that a negative finding does not exclude the possibility of drug use. For cannabis a positive result is not guaranteed even after daily use (82) . In general, hair samples are very well suited for the detection of cocaine use, fairly well suited for detection of amphetamines and benzodiazepines, and not very well suited for detection of cannabis use.
If hair segments are analysed, variations in hair growth between individuals may lead to inaccurate interpretation of the time for drug intake.
Limitations
Hair treatments, like colouring or bleaching, can reduce drug concentrations significantly (83) . Frequent washing can also reduce drug concentrations somewhat. It has also been claimed that drug concentrations might be related to hair colour (83) , thus also introducing an ethnical bias. Hair is not a well suited specimen for detecting use of cannabis. The drug concentration does not accurately reflect the taken dose (84) , however, a semi-quantitative relationship has been reported for codeine and cocaine in a controlled study (85) .
An important limitation of hair testing is the high analytical cost. It is therefore not very well suited for mass screening or studies of large cohorts.
Applications
Hair samples are suitable for the detection of drug use during the last several months, e.g. in studies of drug use in the general population (4), among students (86, 87) , patients (6, 13) , or drug addicts (1, 88) . The analysis is time-consuming and expensive; therefore hair samples are best suited for studying cohorts with high proportion of drug users.
Other biological materials
Drugs may be detected in sweat and reflects recent use. Sweat pads or wipes are simple adsorptive pads that are moistened with ethanol or isopropanol and used to wipe over the forehead or any other skin to collect moisture and sebum from the skin (89) . Sweat patches, similar to small bandages, consist of an adhesive layer on a thin transparent film of surgical dressing to which an adsorbent cotton or cellulose pad is attached (90) . The patch is worn on the chest, back or biceps for a period and then removed and analysed. Fast patches (91, 92) are designed to be applied for up to 30 minutes and rely on heating to induce sweating for specimen collection. Other types are designed for collecting sweat for up to 14 days (89, 93, 94) , thus, the cumulative drug exposure may be studied. The latter type is not suitable for general population studies, but may be used to study relapse among drug addicts during treatment.
Breath is mostly used for the analysis of alcohol. However, recent sensitive technologies allow the detection of amphetamines, methadone, and other substances. Special equipment is needed, and at present this is probably only at its initial stage of development (95) (96) (97) .
Nails may be used instead of hair to detect drug use (98, 99) .
To analyse drug exposure of newborn babies for drugs used by their mothers, meconium (the first faecal matter passed by a neonate), umbilical cord tissue or blood, vernix caseosa (a thick, white lipid and cell mixture that covers the fetus) and amniotic fluid may be analysed to study drug use during the last part of the pregnancy (100,101). After the child is born, breast milk may be analysed to detect drug use (100) .
Combined use of self-reporting with biological testing
Usually, neither the use of questionnaires or interviews nor the analysis of biological samples can provide accurate information on past drug use in a cohort. The only exception is the testing of blood or urine samples to detect very recent drug use. A number of reports have concluded that the combination of self-reported drug use with testing of biological samples can show higher and more accurate prevalence of drug use (7, (11) (12) (13) (14) . In spite of the fact that the validity of self-reported drug use may not be very good, self-report is needed when studying drug use history, including frequency and quantity of use, which are data that biological testing cannot provide.
Fendrich and coworkers (5) found in a general population survey conducted in Chicago that many people who were reluctant to disclose drug use in a survey had little problem with allowing researchers to collect biological samples that confirmed drug use. In total, analysis of oral fluid, urine and hair revealed that 16.6%, 11.6% and 2.1% had used cannabis, cocaine and heroin, respectively. Self-reports indicated that about 23.3%, 4.2% and 0.3%, respectively, had used those drugs during the past three months. Thus, the under-reporting was particularly large for cocaine and heroin. Similar results were found in studies of worker Table 2 : Assessment of the accuracy potential for testing of biological samples alone and in combination with questionnaires. Number of stars indicates the accuracy potential, no star indicates unsuitability.
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Last 24 h Last week Last month Last several months Blood ****** **** ---Oral fluid ***** **** ---Urine **** ****** *** --Hair ---*** *** Blood+questionnaire ****** ***** ---Oral fluid+questionnaire ***** ***** ---Urine+questionnaire **** ****** **** --Hair+questionnaire ---**** **** Urine+hair+questionnaire ---***** ***** cohorts (11, 12) , for psychiatric patients (6,13), crack cocaine users (102) and adolescents (7, 14) . One limitation of the combined use of questionnaires and self-reported use is the detection window for the different biological matrices. If asking about drug use during the last month, neither samples of blood, oral fluid or urine reflects the same time period, but will provide additional data. Samples of hair may be cut to cover the same period, but will mostly reflect frequent use, not low to moderate drug use, varying from one substance to another. However, in total, the analysis of biological samples will provide additional information about drug use, and the final results will be more accurate than when using only self-reported data.
An assessment of the potentials for combining selfreports with analysis of different types of biological samples is presented in Table 2 .
CONCLUSION
The type of specimen and the cutoff concentration must be taken into consideration when planning an epidemiological study on drug use. If recent intake is being studied (during the last 6-48 hours), blood or oral fluid should be collected. If drug use during the last few days is being studied, urine samples are better. If use during the last few months is being studied, hair samples are the best, but unreliable for cannabis. The most reliable specimen types are blood and urine; drug intake will give positive results for those two specimen types within the detection time windows, but not always for oral fluid and hair.
The refusal rates and cost of analysis should also be taken into consideration. Refusal rates are lowest for the collection of oral fluid and highest for blood and hair samples. The costs are lowest for urine and highest for hair.
Analysis of biological samples will not be able to detect all drug use, except for blood samples taken shortly after drug intake, or urine samples taken within a certain timeframe after use. For oral fluid and hair, a negative test result does not prove that a drug was not taken. Therefore, the best strategy when doing epidemiological studies of drug use may be to combine the use of biological samples with questionnaires or interviews. The combined prevalence of drug use will be closer to the true figure, and higher than if just one of the techniques is used alone.
